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IN THE CLAIMS 

1 . (Currently amended) A memory system comprising: 
a primary memory controller; 

a memory data bus, having an effective bit-width m 9 coupled to the primary memory 
controller; and 

at least one memory module coupled to the memory data bus, the memory module 
having a module data bus with an effective bit-width N=Rxm> where R is an integer value 
greater than one, the memory module comprising an interface circuit coupled between the 
memory data bus and the module data bus, the interface circuit capable of performing m-bit- 
wide data transfers on the memory data bus, the interface circuit capable of performing JV-b it- 
wide data transfers on the module data bus* 

the memory data bus comprising a point-to-point bus having one data bus segment 

connecting the primary memory controller and the first of the at least one memory modules, 
and one additional segment for each additional memory module, the additional segment 
connecting the additional memory module to the module immediately preceding it. and a ring 
data bus segment connecting the last of the memory modules in the memory system . 

I 2-3. (Cancelled) 



A. (Ori£ 



(Origir^al) The memory system of claim 1, the memory data bus and the module 
data bus each havmg a clock rate, the memory data bus clocking at a rate R times the clock 
rate of the module data bus. 

i 

sff. (Currently amended) A memory module comprising: 

R ranks of memory devices, where R is at least two, each rank having an m-bit-wide 
data port; 

a module data port capable of exchanging data signaling over a memory data bus 
having an effective bit-width m\ 

an interface circuit coupled between the module data port and the R memory-device- 
rank data ports, the interface circuit capable of performing /w-bit-wide data transfers at the 
module data port, the interface circuit capable of performing Rx m -bit-wide data transfers 
with the R ranks of memory devices , the interface circuit comprising 

R m-bit-wide data registers, each register capable of exchanging point-to-point 
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data signaling with a corresponding rank of memory devices through the data port of that 
rank, and 

a multiplexer, having a multiplexing ratio R. coupled between the R data 

registers and the external data port : and 

a controller capable of synchronizing the operation of the interface circuit and the 
memory device ranks such that a data transfer comprising R serial data transfers on the 
memory data bus can be completed internal to the memory module with one R x m -bit-wide 
data transfer with the memory device ranks. 

|^6. (Cancelled) 

fl. (Currently amended) The memory module of clainj/Ofc, wherein the controller 
\^ supplies rank selection signals to the multiplexer and register latching signals to each of the 

data registers. 



i 



(Currently amended) The memory module of claims 6, wherein data signaling 



between a data register and its rank of memory devices further comprises a bit mask received 
from the memory data bus along with a corresponding m bits, the multiplexer transferring the 
bit mask to the data register along with the corresponding m bits. 

(Currently amended) The memory module of clainwS, the controller capable of 
synchronizing the operation of the data registers, the module data port, and the 
multiplexer/demultiplexer in order to serialize data from a subset of the data registers onto the 
memory data bus. 

l i 

Uf. (Currently amended) The memory module of clairn^n 4, wherein data transfers 
between one of the data registers and the corresponding rank of memory devices occurs at a 
clock rate related to the clock rate of the memory data bus by a factor 1/R. 

(Currently Amended) The memory module of cIaim-4^, where the module is a 
dual-inline memory module comprising a printed circuit board capable of connection to the 
memory data bus via insertion of the circuit board into a card edge connector connected to the 
memory data bus. 
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(Original) The memory module of claim^' wherein R equals two, one of the 
two ranks of memory devices arranged on each side of the circuit board and connected to the 
corresponding data register via a set of module data signaling lines routed on the circuit 
board. 

p3. (Original) The memory module of claim ^ whwe the interface circuit 
comprises two interface circuits each serving half of the module data port and half of each 
rank of memory devices. 

^ .. 

J4. (Original) The memory module of claim/, wherein the module data port 
comprises a dual-port buffer, each port of the dual-port buffer capable of connection to 
another memory module in a point-to-point configuration of memory data bus segments, 

15. (Currently amended) Th e memory module of claim 5 , A memory module 
comprising: 

R ranks of memory devices, where R is at least two, each rank having an m-bit-wide 

data port: 

! — a module data port capable of exchanging data signaling over a memory data bus 

having an effective bit-width m: 

an interface circuit cou pled between the module data port and the R memorv-device- 

rank data ports, the interfac e circuit capable of performing /w-bit-wide data transfers at the 
module data port the interf ace circuit capable of performing R xm -bit-wide data transfers 
with the R ranks of memory devices: and 

a controller capable of synchr onizing the operation of the interface circuit and the 
memory device ranks such th at a data transfer comprising R serial data transfers on the 
memory data bus can be c ompleted internal to the memory module with one Rxm -bit-wide 
data transfer with the memory device ranks n 

wherein the module data port comprises a dual-port buffer, each port of the dual-port 
buffer capable of connectio n to another memory module in a point-to-point configuration of 
niemory data bus segments, wherein each port is capable of connection to an m-bit-wide 
memory data bus segment, wherein one port comprises a transfer port and the other port 
comprises a forwarding port, the module capable of using the transfer port to transfer data 
signals between the interface circuit and a higher-level controller connected to the memory 
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data bus, the module capable of using the forwarding port to connect to a second memory 
module in order to transfer data signals between the transfer port on the first memory module 
and the transfer port on the second memory module. 

16. (Currently amended) Th o memory module of claim 5 , A memory module 
comprising: 

R ranks ° fmemor V devices - where R is at least h y p, eaeh rank having an m-bit-wide 

data port: 

a module data port capable of exchanging dan, si bling over a mpmory H „t a ^ 

having an effective bit-width m- 



i 



interface circuit coupled between the modnte H a t a port an d the m emory-device- 

V rank data ports, the interface circuit capable of nerfom , mg ^-bit-wide H„ta transfer «t the 

module data port, the interface circuit caoahle of p ^fap _g*m -bit-wide d a t a transfers 
with the R ranks of memory devices; nnrf 

a controller capable of synch ronizinr the operation of th e interface cimnit and th„ 
memory device ranks such that a data transfer u p rising R serial data transfer on the 
memory data bus can be completed internal to ihe ™~norv module with on. j? x /w. bifcwide 
data trans fer with the memory device rank s, 

wherein the module data port comprises a dual-port h u ffer. each port of the dual-p ort 
buffer capable of connection to another memory m o dule in a p oint-tp-noim conflation of 
tnemory data bus segments w herein each module data port is capable of connection to an 

-bit-wide memory data bus segment, wherein the dual module data ports comprise first 
and second transfer/forwarding ports, the module capable of retransmitting data signals 
received at one of the transfer/forwarding ports, but not destined for that memory module, on 
the other transfer/forwarding port, the module also capable of transferring ^ data signals 
between each of the transfer/forwarding ports and the interface circuit 

/f. (Original) The memory module of claim^wnerein data exchanges over the 
memory data bus comprise a data strobe signal, the module further comprising a data strobe 
circuit to generate data strobe signaling when transmitting data over the memory data bus. 
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S&. (Ongmal) The memcy module ofclaim^ wherein the controller begins an 
mternaJ sequence of interne circuit write operations in response to an externally-supplied 
data strobe signal. 

& (Original) The memory module of clairn^ wherein data exchanges between the 
interface circuit and the ranks of memory devices comprise a data strobe signal, the module 
further compnsing a data strobe circuit to generate data strobe signaling when transmitting 
data from the interface circuit to the ranks of memory devices, the interface circuit 
compnsing a register circuit to latch data from the ranks of memory devices based on data 
strobe signaling received from those devices 

Or 

A, (ClUTently am£nded) A meth ° d ° f host ^°ry communication comprising: 

N^j nutating a data access transaction, involving ATdata bits, between a memory 

controller and a memory module; 

at the memory module, initiating a corresponding data access transaction between an 
interface circuit and R ranks of memory devices, each rank capable of ^-bit-wide data 

transfers, R> I; 

transferring the tfdata bits between the memory controller and the memory module in 

w-bit-wide data segments; and 

devices in M Rx m -bit-wide segments, where^ -*L i san integer value 



Rxm ^ 

wherei " the method further comprises initrntin p ^kh accesK ^ 

N is an integer multinle o f m . but less than Pv m 

jjil. (Cancelled) 

,22. (Original) The method of claim 36, further comprising clocking transfers 
between the memory controller and the memory module at * times the rate that transfers are 
clocked between the interface circuit and the memory devices. 

23. (Cancelled) 
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?4. (Currently amended) n» method of claim wherein when the data access 
transaction is a write transaction, transferring the N data bits between the interface circuit and 
N / m of the ranks of memory devices, while signaling the remainder of the ranks to ignore the 
\^ write transaction. 

f <\ 

(Currently amended) The method of claim zfe wherein when the data access 
transaction is a read transaction, transferring R x m data bits, including the N data bits 
requested for the read transaction, from the R ranks of memory devices to the interface 
circuit, and transferring the AT data bits requested for the read transaction from the memory 
module to the memory controller. 
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